Introduction: To describe the characteristics and care of participants with type 1 diabetes during Ramadan in the Middle East and North Africa. Methods: The DAR-MENA (Diabetes and Ramadan-Middle East and North Africa) study was a prospective, observational study of adults with type 1 and type 2 diabetes who were Muslim and did/did not intend to fast during Ramadan 2016. Baseline data were collected 6 weeks prior to Ramadan, with a follow-up visit 1-2 months after Ramadan. This is the analysis of the population with type 1 diabetes. Measurements included proportion who fasted, reasons for fasting and not fasting, changes in diabetes treatment, hypoglycemic events, and proportion with access to diabetes education. Results: Of 136 participants with type 1 diabetes, 76.9% (100/130) fasted for at least 1 day, 72.3% (94/130) fasted for at least 15 days, and 48.5% (63/130) fasted for 30 days. The majority (63.0%, 63/100) reported personal decision as a reason to fast. Fear of diabetic complications (58.6%, 17/29) and previous complications related to fasting Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.11860932.
(48.3%, 14/29) were the most common reasons for not fasting. Adjustment of diabetic medication regimen occurred for 84.6% (115/136) of participants, and 72.8% (99/136) changed their treatment dose. The incidence and number of adverse events for confirmed and severe hypoglycemia were similar before and during Ramadan. Almost half of participants had access to diabetes education (45.6%, 62/136). Conclusion: The DAR-MENA study showed that despite the risks associated with fasting for people with type 1 diabetes, almost half fasted for the full 30 days of Ramadan with no significant change in hypoglycemia events. Since the current International Diabetes Federation and Diabetes and Ramadan guidelines do not endorse fasting for people with type 1 diabetes, it is important that those who insist on fasting work closely with their healthcare practitioner to avoid any complications.
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Key Summary Points
Why carry out this study?
Despite limited research on fasting during Ramadan in people with type 1 diabetes, and guideline recommendations against fasting due to the potential of a high risk of complications, many people with type 1 diabetes still fast during Ramadan.
This observational study was conducted in the Middle Eastern and North African (MENA) region to provide an epidemiologic analysis of the characteristics and patterns of care of people with type 1 diabetes during Ramadan.
What was learned from the study?
The key finding of this study was that despite the risks associated with fasting for people with type 1 diabetes, almost half fasted for Ramadan (full 30 days) and they experienced a significant improvement in glycemic control following Ramadan, with no significant change in hypoglycemia events.
The results of this study provide new insights into the characteristics and pattern of fasting and care for people with type 1 diabetes before and during Ramadan, and may help to ensure the safety of people with type 1 diabetes who choose to fast during Ramadan.
In particular, the results indicate that people with type 1 diabetes who insist on fasting need to work closely with their healthcare practitioner to ensure that they reduce their risk of complications and highlight the importance of Ramadanfocused education for patients.
INTRODUCTION
During the lunar-based month of Ramadan, Muslims fast from predawn to sunset. The length of the fast each day depends on the geographic location and season, and may range from a few hours to more than 20 h. Fasting during Ramadan is compulsory for all healthy adult Muslims, although those with medical conditions, including many with diabetes, are exempted from fasting according to the Qur'an [1] . During this holy month, there are also changes to daily activities and shorter sleeping hours.
For people with type 1 diabetes who fast during Ramadan, insulin deficiency can lead to excessive glycogen breakdown, increased gluconeogenesis, and ketogenesis [2, 3] . This results in a very high risk of complications, including hypoglycemia, hyperglycemia, diabetic ketoacidosis, dehydration, and thrombosis [2] [3] [4] . Compared with type 2 diabetes, the risk of hypoglycemia is higher with type 1 diabetes [3, 5] . As a result of these risks, the International Diabetes Federation and Diabetes and Ramadan (IDF-DAR) Practical Guidelines recommend that people with type 1 diabetes, even if it is well controlled, should not fast [3] ; those with a history of recurrent hypoglycemia, hypoglycemia unawareness, poor diabetes control, brittle diabetes, non-compliance with medical treatment, or who are unwilling or unable to monitor their blood glucose levels are considered at very high risk of complications and must not fast [3] . Large-scale studies specific to fasting during Ramadan for type 1 diabetes are limited. One previous study (EPIDIAR [Epidemiology of Diabetes and Ramadan]) demonstrated that about 43% of people with type 1 diabetes fasted for at least 15 days during Ramadan compared with 79% of individuals with type 2 diabetes [5] . In the DAR-MENA (Diabetes and Ramadan-Middle East and North Africa) type 2 diabetes mellitus (T2DM) study, 86% of participants fasted for at least 15 days [6] .
Fasting during Ramadan has been associated with significant and variable changes in the attitudes and behaviors of people with type 1 diabetes [7] . In one study of people with type 1 diabetes, the timing of the main meal at sunset (Iftar) differed widely between individuals. Furthermore, a large number of people did not perform regular self-monitoring of blood glucose during fasting, particularly those on multiple daily insulin injections. Studies have shown that it is possible for people with type 1 diabetes to participate safely in prolonged fasts if they work with their healthcare practitioner and receive education to manage their condition effectively; however, these studies were performed with small numbers of participants [8, 9] . A pre-Ramadan medical assessment is essential, and people with diabetes should be educated on the risks associated with fasting and techniques to decrease these risks [3] . Modifications to insulin therapy and/or dosing regimen for the fasting period are necessary [3] . Human insulin therapy should be switched to insulin analogues, if possible, and insulin dose titration should be performed every 3 days according to blood glucose levels [3] .
DAR-MENA was an observational study, which was conducted in the Middle Eastern and North African (MENA) region to provide an epidemiologic analysis of the characteristics and patterns of care of people with type 1 or type 2 diabetes during Ramadan [6] . This paper reports the findings on daily fasting practices during Ramadan for people with type 1 diabetes by capturing data before and during the holy month, including pattern of care (particularly medications), changes of insulin regimen and dosage, glycemic control, hypoglycemia risk, lifestyle changes, and patient education on diabetes management.
METHODS

Study Design
The study methodology of DAR-MENA and the results from the type 2 diabetes subpopulation have been published [6] . Briefly, DAR-MENA was an international, multicenter, prospective, observational study in the MENA region for Ramadan 2016 (fasting period: dawn of June 6 to evening of July 5) with a target enrollment of 2000 participants with type 1 or type 2 diabetes. In the overall study, the inclusion criteria comprised adult participants who were aged at least 18 years with type 1 or type 2 diabetes, and who were Muslim and did or did not intend to fast. Baseline data were collected in the 6 weeks prior to Ramadan, with a follow-up visit 1-2 months after Ramadan. The results shown here focus on the type 1 diabetes population.
The manuscript followed the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines [10] . DAR-MENA was conducted in accordance with the ethical principles laid down in the Declaration of Helsinki and complied with all international guidelines, as well as national laws and regulations of each country in which the registry study was performed. The study protocol was approved by the ethics committee of each participating center (please see Table S9 in the supplementary material for ethics committee names). Participants signed a consent form to participate in the study. Please note that this study was not added to a clinical trial registry as it was a non-interventional, prospective, observational study that did not meet the definition for clinical trial registration as specified by the World Health Organization.
Measurements
Variables measured or recorded were as follows: mean number of days fasted; number of participants who fasted for at least 1 day, at least 15 days, and 30 days; and reasons for fasting and not fasting, as well as diabetes treatment among participants who fasted, including any modifications in antidiabetes medication or doses of medication. Change in glycemic profile (glycated hemoglobin [HbA1c], fasting plasma glucose [FPG] , and postprandial plasma glucose [PPG]), lipid profiles (total cholesterol, triglycerides, high-density lipoprotein, and low-density lipoprotein), and biometric measures (weight, systolic/diastolic blood pressure, waist circumference, and heart rate) was determined between the period before Ramadan and during Ramadan. Values up to 6 months before baseline were used to determine baseline data for the glycemic and lipid profiles. Changes in lifestyle and access to education on diabetes management were also recorded.
Incidence and number of adverse events (AEs) were recorded for symptomatic confirmed hypoglycemia, severe hypoglycemia, symptomatic confirmed hyperglycemia, and severe hyperglycemia during the 1 month (4 weeks before visit 1) before Ramadan and during the Ramadan fasting period. Symptomatic confirmed hypoglycemia was defined as an event with clinical symptoms that are considered to result from hypoglycemia and was confirmed by a self-measured plasma glucose (SMPG) level of less than 70 mg/dL. Severe hypoglycemia was defined as a hypoglycemia event requiring assistance due to acute neurologic impairment directly resulting from hypoglycemia. Severe episodes of hypoglycemia were self-reported by participants, and participants were also asked by study investigators if they had experienced any hypoglycemic episodes that required hospitalization. Symptomatic confirmed hyperglycemia was defined as an event with clinical symptoms that are considered to result from hyperglycemia and was confirmed by an SMPG level of at least 200 mg/dL.
Statistical Analysis
For biochemical and biometric measures, the paired t test was used to compare between metric variables, the McNemar-Bowker test was used to compare between physical activity data, and the McNemar test was used to compare between categorical variables before and after Ramadan. For comparisons of hypoglycemia/ hyperglycemia data between the 4 weeks before Ramadan and during Ramadan, the McNemar test was used for paired categorical comparison and the paired t test was used for paired numerical comparisons.
Descriptive quantitative variables were reported with mean and standard deviation (SD), and descriptive categorical data were reported by number and percentage of the study population.
As not all data were available for all measurements, the total n values vary between measurements. Imputation of missing data was not performed.
RESULTS
Population Demographics and Baseline Clinical Characteristics
Participant disposition data for the DAR-MENA study have been published [6] . In brief, a total of 1894 participants with type 1 and type 2 diabetes from the MENA region were enrolled in DAR-MENA, of whom 1885 were evaluable. Of these eligible participants, 136 had type 1 diabetes and were included in this present analysis.
People with type 1 diabetes had a mean age of 32.0 years, had a disease duration of 14.0 years, and 55.1% were male (Table 1) . At baseline, the mean HbA1c was 8.3% (67 mmol/mol). The number of comorbidities at baseline was low; the most common were hyperlipidemia, hypertension, and hypothyroidism (n = 3 for each) (Table S1 in the supplementary material). All participants were taking insulin. There were 87 (64.0%) participants receiving rapid-acting insulin, 10 (7.4%) receiving intermediate-acting insulin, 67 (49.3%) receiving basal insulin analogues, and 56 (41.2%) receiving premix insulin ( Table S2 in the supplementary material). Table S3 in the supplementary material). In these participants, the mean ± SD duration of fasting was 26.9 ± 5.9 days, with a mean ± SD daily fasting duration of 15.8 ± 0.9 h during Ramadan 2016 (n = 100).
The majority (63.0%) of people with type 1 diabetes listed ''Personal decision'' as a reason to fast ( Table S4 in the supplementary material). ''To cope with family and community'' was given as a reason to fast for 24.0% of participants. The most common reasons for not fasting were ''Fear of diabetic complications'' (60.0%) and ''Previous experience of acute diabetic complication related to fasting'' (50.0%) ( Table S4 in the supplementary material). ''Other health-related issues (not related to diabetes)'' was a reason not to fast for 10.0% of DBP diastolic blood pressure, FPG fasting plasma glucose, GLP-1 RA glucagon-like peptide 1 receptor agonist, HbA1c glycated hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, OAD oral antidiabetes drug, PPG postprandial plasma glucose, SBP systolic blood pressure, SD standard deviation a Late diabetes complications included diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, coronary artery disease, myocardial infarction, peripheral vascular disease, stroke, microalbuminuria, and neuropathic arthropathy b Nine participants were taking OADs in combination with insulin at baseline; however, one of these patients reported that they planned to stop insulin during Ramadan (please see Table S2 in the supplementary material for more details on antidiabetes therapies used at baseline) participants, and only 6.7% had been advised not to fast by healthcare professionals. All participants were receiving insulin at baseline; 84.6% of participants experienced a change in their diabetic treatment regimen, and 72.1% experienced modifications in their insulin dose ( Fig. 1 ). Of these participants, 80.6% (79/98) had one or more of their insulin doses reduced. Of the 27.9% of participants who did not change their insulin dose, the insulin regimens were as follows: rapid-acting insulin in 60.5% (n = 23), intermediate-acting insulin in 7.9% (n = 3), basal insulin analogues in 47.4% (n = 18), premix insulin in 44.7% (n = 17), and ''other'' in 2.6% (n = 1; participant was using an insulin pump; insulin type was not specified).
Biochemical and Biometric Measures Before and During Ramadan
Compared with before Ramadan, there were significant changes in biochemical and biometric measures during Ramadan in some cases (Table 2) . Although change in waist circumference was significant, it was not considered clinically meaningful and there was no significant change in weight. The number of working hours per day decreased significantly by 1.2 h (P \ 0.0001), but the change in numbers of hours of sleep was not significant.
The glycemic profile improved during Ramadan compared with before ( Table 2 ). Mean HbA1c decreased by 0.6% (6.2 mmol/mol) to 7.8% (62 mmol/mol) (P \ 0.0001), mean FPG decreased by 21.2 mg/dL to 143.2 mg/dL (P \ 0.0001), and mean PPG decreased by 22.8 mg/dL to 191.9 mg/dL (P \ 0.0001). Mean lipid profile values did not change significantly during Ramadan, except for total cholesterol, which was increased by 6.3 mg/dL (P = 0.021).
Hypoglycemia and Hyperglycemia Before and During Fasting
The incidence of confirmed hypoglycemia and number of confirmed hypoglycemia AEs did not change significantly from the 4 weeks before Ramadan (n = 136; 27.2%, 0.93 events/month/ participant) to during Ramadan (n = 130; 23.1%, 0.79 events/month/participant) ( Fig. 2 ). During Ramadan, the incidence of severe hypoglycemia and number of AEs were low (Fig. 2 ). There was no significant change in the incidence or number of AEs for severe hypoglycemia, confirmed hyperglycemia, and severe hyperglycemia during Ramadan compared with before ( Fig. 2 ; Table S5 in the supplementary material).
Lifestyle Changes and Patient Education on Diabetes Management
Most people (95.4%) reported lifestyle changes during Ramadan fasting ( Nearly half of participants with type 1 diabetes had access to diabetes education (45.6%) ( Table S7 in the supplementary material). Of those receiving education, it was accessible through face-to-face diabetes education sessions (45.2%), diabetes education programs (25.8%), diabetes self-education (27.4%), and websitebased diabetes education (21.0%).
DISCUSSION
DAR-MENA is the first prospective, large study investigating diabetes before and during Ramadan. The type 1 diabetes DAR-MENA analysis provides in-depth information on the characteristics and pattern of care of relatively young and healthy people with type 1 diabetes before and during Ramadan fasting. Importantly, it provides the reasons (outlined below) that prompted people to choose whether to fast during Ramadan. The study found that the majority of people (72.3%) fasted for at least 15 days, and nearly half (48.5%) fasted for the full 30 days of Ramadan without a significant increase in confirmed and severe hypoglycemia events.
The DAR-MENA type 1 diabetes population was young, with a mean age of 32 years and a low number of comorbidities at baseline. The mean duration of type 1 diabetes was 14 years and glycemic control was relatively poor with a mean HbA1c of 8.3% (67 mmol/mol). As expected, all participants were taking insulin; 49.3% were receiving basal insulin analogues.
The role of structured education for patients is well established in the management of diabetes, and guidelines state that this should be extended to Ramadan-focused diabetes education so that people can make informed decisions [3, 4] . In this study, only 45.6% of participants had access to diabetes education, of whom 45.2% received face-to-face educational sessions. Considering that Ramadan-focused education can enable individuals to reduce their risk of acute complications during fasts [3] , the present study showed that this is an essential tool in patient management that is not yet being accessed by all patients. Healthcare professionals also seem to need more education on managing diabetes during Ramadan. One study in Pakistan found that almost one-third of general practitioners lacked knowledge of basic principles needed [11] .
Of the 100 participants with type 1 diabetes who chose to fast, 63.0% reported that their reason was due to a personal decision, whereas 24.0% fasted to cope with pressure from their family and community. Of those people who did not fast, 60.0% reported a fear of diabetic complications as a reason for not fasting, and 50.0% had had previous experience of acute diabetic complications during fasting. Only 6.7% did not fast on the advice of their healthcare professional. Working conditions prompted 3.3% of participants to not fast during Ramadan.
The mean duration of fasting was 27 days with a daily duration of 16 h; during this time, most people reported lifestyle changes. The majority of participants reported changes in working hours (67.5%) and sleep duration (67.2%), whereas changes in physical activity (45.0%) and smoking (7.8%) were less common. For those with changes in working hours, most (84.3%) reported a decrease; however, changes were more balanced for those who reported a change in sleep duration, with 54.5% reporting a decrease and 45.5% reporting an increase. Food intake was also altered during Ramadan for 62.3% of participants. In those reporting changes, the proportions with increases and decreases were approximately equal for carbohydrates and sugars, whereas the majority of participants reported increases in protein (92.6%) and vegetables (91.8%) and decreases in fats (60.5%). Of the 63.1% reporting changes in fluid intake, most (80.5%) reported an increase. This change in food and fluid intake was accompanied by a change in insulin regimen in 84.6% of participants, and 72.1% modified their insulin dose.
It was anticipated that a greater proportion of participants (close to 100%) would make a change to their insulin dose, but this was not observed in this study. In practice, 27.9% of participants did not change their insulin dose (regardless of type: rapid, short, intermediate, basal, or premix). Of these, 60.5% were on rapid-acting insulin. A high proportion of participants did not modify their insulin dose, which may have been due to inadequate glycemic control before Ramadan.
During Ramadan, not only do participants abstain from eating and drinking during daylight hours but they also drastically change aspects of their lifestyle and habits, which can affect glycemic control. In this study, there was a significant improvement in mean glycemic profile (based on HbA1c and FPG) after Ramadan fasting compared with before Ramadan. This occurred with no significant change in the incidence of confirmed hypoglycemia or number of confirmed hypoglycemic events during Ramadan compared with the previous 4 weeks. The lack of a significant increase in hypoglycemia in people with type 1 diabetes during Ramadan is clinically important as previous studies suggest an increase during Ramadan [5] , and diabetes guidelines highlight the increased risk of hypoglycemia with fasting [3, 4] .
In DAR-MENA participants with type 1 diabetes, lipid levels remained constant throughout Ramadan, except for total cholesterol, which was significantly increased (P = 0.021). In addition, there was no significant weight gain. While those who did not fast said that they were fearful of developing diabetic complications related to fasting, this did not appear to have happened in this study. Indeed, the incidence and number of AEs for severe hypoglycemia, confirmed hyperglycemia, and severe hyperglycemia did not change significantly during Ramadan compared with before. This is supported by a recent survey of 526 people with diabetes in Tunisia, of whom 51 had type 1 diabetes, who had fasted during Ramadan, which found that more than half of people had been treated with insulin and most were able to fast without interruption [12] . A recent literature review also found that Ramadan fasting in people with diabetes using insulin is feasible, with negligible major complications reported [13] . In DAR-MENA, diabetes education and the diabetic medication/dosing adjustments (primarily dose reductions) may have contributed to the low rates of hypoglycemia observed.
The results of the DAR-MENA type 1 diabetes analysis provide new up-to-date information on fasting during Ramadan, in comparison with previous studies, such as the EPIDIAR study, which had used the older insulins [5] . In EPI-DIAR, fasting lasted for at least 15 days during Ramadan in 43% of people, and the mean number of fasting days was 23 days, which is shorter than the 27 days reported in this study [5] . A higher proportion of people with type 1 diabetes in the EPIDIAR study (68%) received recommendations from their healthcare providers about fasting and diabetes during Ramadan than those who received education in DAR-MENA type 1 diabetes [5] . However, 57% of participants had the same food intake as before, and 65% maintained their insulin dose during Ramadan [5] . The incidences of severe hypoglycemic episodes in participants with type 1 diabetes prior to Ramadan were similar in the DAR-MENA and EPIDIAR studies (0.05 vs 0.03 events/month/participant, respectively).
In EPIDIAR, the significant increase (P = 0.0174) in the mean ± SD number of severe hypoglycemic episodes per month per person during Ramadan (0.14 ± 0.6 events/ month) compared with the preceding year (0.03 ± 0.1 events/month) in the overall type 1 diabetes population may reflect the lack of dose change [5] . It should be noted that this significant increase roughly equates to only one more severe hypoglycemic event for each 5 months of fasting (?0.02 events/month/participant). Furthermore, the EPIDIAR study did not find a statistically significant increase in the mean ± SD number of severe hypoglycemic episodes per month per person during Ramadan (0.12 ± 0.48 events/month) compared with the preceding year (0.02 ± 0.05 events/month) in patients who fasted for at least 15 days [5] .
New technologies for continuous glucose monitoring, such as glucose sensors and flash glucometers, can make fasting safer for people with type 1 diabetes who fast during Ramadan. Several studies have already shown the potential benefits of using an insulin pump during Ramadan [14] . In one study, those using an insulin pump performed self-monitoring of blood glucose more frequently than those on multiple daily insulin injections [7] . Unfortunately, the current high cost of an insulin pump restricts its use.
Our analysis has some limitations. Firstly, the DAR-MENA study enrolled people with both type 1 and 2 diabetes, and did not require a specific number of each diabetes type. There is, therefore, a much lower number of participants with type 1 than type 2 diabetes. This is not unexpected as the proportion of the adult population with type 2 diabetes is higher than that with type 1 diabetes, but it does mean that this analysis is based on a small number of participants. Secondly, only those who believe that they are fit enough actually fast, and only a proportion of those are able to fast for the whole of the holy month. The results are, therefore, not representative of the entire type 1 diabetes population. While the analysis suggests that fasting during Ramadan is safe, this cannot be extrapolated to the whole of the type 1 diabetes population. Lastly, it is important to note that hypoglycemia, particularly symptomatic confirmed hypoglycemia, which was based on patient self-assessment, could potentially be under-reported as a result of impaired awareness of hypoglycemia or reluctance to measure SMPG levels. It is possible that participants perceived symptoms of hypoglycemia but did not assess SMPG levels; rather, they may have simply stopped activities and waited for symptoms to subside, as they may not have wanted to interrupt their fasting. Therefore, it was difficult to capture all hypoglycemic episodes and their severity. Ideally, the results of the current study would be validated in a future study based on continuous glucose monitoring.
CONCLUSION
This analysis of DAR-MENA provides new insight into the characteristics and pattern of fasting and care for people with type 1 diabetes before and during Ramadan. Despite the risks associated with fasting in this population, nearly half of participants fasted for the whole of the holy month. During Ramadan, mean glycemic control improved and there was no significant increase in confirmed and severe hypoglycemia events, which may have been due to pre-Ramadan diabetes education and modifications in diabetic dosing and regimen.
Although this study showed that confirmed or severe hypoglycemia and hyperglycemia during Ramadan have a similar incidence as during pre-Ramadan, the IDF-DAR Practical Guidelines recommend that people with type 1 diabetes should not fast, whether or not their diabetes is well controlled [3] . Since type 1 diabetes is associated with other problems such as hyperglycemia, hypovolemia, and diabetic ketoacidosis, those who insist on fasting need to work closely with their healthcare practitioner to ensure that they reduce their risk of complications. contributors of the study, including the investigators from the 113 sites who participated in the data collection ( Table S8 in the supplementary material), and the analysts, Soha Ali (Senior Biostatistician, DATACLin CRO) and Mohamad Taha (Biostatistics Manager, DATA-CLin CRO), for providing the statistical and analytical execution of this study. The authors would also like to acknowledge Helena Andersson, Sanofi, for the coordination of the development of this manuscript.
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